Introduction
The Province of Pesaro-Urbino (Area: 2564 km 2 , population 366,000) with the 75% of drink water supplies coming from rivers and/or small reservoirs, has been facing critical periods during the last two decades, due to the decreasing streamflow, poor water quality, besides high treatment costs and important impact on rivers' life during the dry season (Farina 2013) . The Metauro-Candigliano watershed is characterised by the presence of important carbonate aquifers, whose average natural groundwater discharge (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) within the studied territory was estimated to be 50 x 10 6 m 3 /y (Farina and Severini 2013) . Approximately only the 10% of such volume is directly diverted in public aqueducts and it is mostly represented by surficial springs (AATO1 Marche Nord 2010), while the rest feeds the Candigliano river and its tributaries, where most of surface water withdrawals takes place from small dams down valley (S. Lazzaro and Tavernelle reservoirs, see Fig. 1 ). The choice to resort to surface waters in the past decades has shown its limits as the climate change' effects have gradually become evident, both in terms of increasing frequency of droughts and flood events (Ferrara 2007 , Gentilucci et al. 2015 . The latter are capable to mobilize significant volumes of sediments from rivers' beds and interfere with hydraulic infrastructures along their course, while droughts and heat waves frequently induce problems of algal blooming, besides overall water scarcity, poor quality, social alarm and potential water-use conflicts. Expensive restoration projects of reservoirs' capacity by sediments' excavation, have been recently carried out in order to increase water storage during drought periods. The duration of such solutions, beside their global effectiveness and environmental impact, should therefore be considered.
Objectives
The first objective of the study is the analysis of average precipitation and temperatures of the 1980-2010 period within the Province of Pesaro-Urbino and its variations compared to a previous time-series , on which most of the water resources planning was based, especially during the seventies (Molinari et al. 1971 , Pesaro-Urbino Province 1973 . Those reference data represent the climate during a period of high socio-economic development, when most of the local water-supply infrastructures were designed and constructed (dams, weirs, aqueducts). The study is intended to depict the effects of climate change on the water cycle, in terms of runoff and net infiltration changes. The aim of such analysis is to develop a preliminary assessment of how runoff in the main catchments changed over time. Besides, since water and sediment fluxes strongly influence the rivers' dynamics and resident infrastructures, such as dams, the study presents preliminary results of sediments' load assessment in the main reservoirs of the Province. The assessment is meant to suggest up-to-date criteria to public regulators, especially intended to set new minimum flow constraints to specific river sections, where the impact of surface water withdrawals is particularly high. Besides, it sets some basic criteria and knowledge for a systemic and adaptative approach to waterresources planning in a changing climate and environment (European Commission 2012).
Materials and Methods
The recent temperature and precipitation (P) data-set (Marche Region 2016) was compared to the 1921-49 and 1950-69 average on all rain-gauge stations of the territory (PesaroUrbino Province 1973, Centro di Ecologia e Climatologia di Macerata 2002). The 1950-69 series, with no significant variations with the previous one, was considered for its better data coverage and time-overlapping with the temperature data-set . Mean yearly Actual Evapotranspiration (AE) was calculated using different methods (Turc 1955 , Lu Zhang et al.2008 . Monthly analysis of water surplus was taken from Farina and Severini, 2013 : they applied the Thornthwaite method (Thornthwaite and Mather 1957), using the 1980-2010 climate data, where soil water-storage estimates were based on soil texture and thickness, taken from Armiraglio et al. (2003) and ASSAM (2006) .
As for the runoff, the surface component, which is predominant in low-permeability basins such as Foglia and Metauro, was estimated: a) by regionalizing the Effective Precipitation (EP = P-AE) and attributing Potential Infiltration Coefficients (P.I.C., Civita 1973) to the different lithologies ( Fig. 1) , in order to estimate the Effective Infiltration Ie (Ie = EP x PIC) and therefore obtain surface runoff. P.I.C estimates of aquifers were carried out considering, within the values'range proposed by the author, not only the lithology, but also the morphology and overburden of bedrock. Precipitation, Evapotranspiration, total Runoff and Infiltration maps were elaborated by Cavitolo (2014) Pesaro-Urbino (1980 -2010 . (upper Metauro subwatershed, section S. Angelo in Vado) in order to get comparative estimates. c) Effective Infiltration was also estimated by acquiring experimental data of rivers' base flow, based on a set of numerous direct measurements, carried out throughout the years by means of current-meters. Moreover, all available flow rate estimates from water springs abducted to public aqueducts were collected and attributed to the different aquifers (Farina and Severini 2013) .
In particular, for the Candigliano river, the acquisition of some recent river discharge measurements taken from the Basin Authority of Marche Region, could be compared to older hydrometric data of the National Hydrographic service (SIMN), mainly within the 1921-1969/1975 period for most flow-gauge then in operation. To estimate summer base-flow, the average of monthly minimum runoff data of June, July and August were considered, so to better match the direct measures performed in the last decade.
A preliminary assessment or riverbed sediment load and basins' volume reduction was based on previous estimates (Gazzolo and Bassi 1961) and more recent determinations and methodologies, (CESI 2001 , Rusco et al. 2009 ) and data from Consorzio di Bonifica (Unreleased report 2013) and AATO1. Specific suspended sediment load and Specific bed load Transport (both in m 3 /Km 2 /y) were then calculated, in order to characterize the different erosive conditions of the main basins. Last, based on direct estimates carried out by AATO1, basins' volume reduction was considered to evaluate on a preliminary and qualitative basis the tendency toward further sedimentation in such reservoirs.
Results
The analysis highlights an average precipitation decrease of 11.7% between 1950-69 and 1980-2010 recent time series, calculated over the whole set of rain-gauge stations. The majority of stations in the mountain area show a precipitation decrease in the 12-21% range (Tab. 1). Recent average precipitations range from 1450 mm/y in the Catria-Nerone massif to 705 mm/y in the south-eastern coast (Fig. 2) . As for temperatures, a significant global and local warming has occurred, with a sharp increase of mean temperatures starting in the mid eighties (Fig. 3) . A coherent trend was detected also in the Marche Region (ISPRA 2016) .
Nevertheless, precipitation variations analysis vs. time evidences a fluctuation between drier and wetter periods, with a 9 to 13 years period. Starting in 2010, a recent increase in annual precipitation (2010) (2011) (2012) (2013) (2014) (2015) is occurring (Fig. 4) . Tab. 1 - Precipitations' variation, in %, comparing 1950 -69 and 1980 -2010 (Farina 2013 . Tab. 1 -Variazione delle precipitazioni, in % tra le medie storiche 1950-'69 e 1980-2010 (Farina 2013, modificato) .
Rivers' surface runoff and effective infiltration
First, the AE computations with different formulas showed a limited difference (±10%), with Turc's method giving an intermediate value among others (Cavitolo 2014) . The maps of Fig. 5 show that most of the surface runoff is originated in low permeability mountain basins (upper Foglia and Metauro).
The lowest values are pertinent to high permeability terrains, both on carbonate-karst reliefs within the Candigliano basin (Bosso and Burano sub-watershed of Fig. 1 ) and flat alluvial plains, both representing the main aquifers of the Province. Nevertheless alluvial plains are characterized by high AE and little water surplus, due to the different climatic setting of the lowlands. The performed analysis also shows a significant decrease of yearly average runoff in all basins. Comparing historical SIMN data and indirect estimates a decrease of approximately -35% could be detected in the Foglia basin (Tab. 2). The result is in good agreement with previous estimates using the Kennessey method, where the decrease of the Runoff Coefficient was attributed both to the climate change and to a progressive reafforestation process that developed in the mountain area (Marchetti et al. 2012 , Farina 2013 ). An even higher decrease is detected in the upper Metauro and Candigliano basins. Therefore a simulation of the Curve Number method was carried out in the low permeability upper Metauro test basin, using recent climate and land use data: that evidenced a surface runoff of 12.2 L/s/km 2 together with a significant shallow infiltration of 6.5 L/s/km 2 drained in the overburden deposits, connected to the valley alluvium (Fig. 6) .
Experimental runoff estimates, although limited to the 2007-2010 period, show as well an important decrease of average year discharge in the Candigliano basin (Acqualagna section), compared to the historical dataset. Annual average runoff varied from 15.7 m 3 /s (13 years from 1924 to 1964) to 13.9 m 3 /s (22 years from 1924 to 1979) to the recent 8.7 m 3 /s (2007) (2008) (2009) (2010) , with a pertinent present average specific runoff of 14.1 L/s/km 2 (Fig. 7) . The recent record is insufficient, although the result is coherent with the observations of In the Candigliano subwatershed, on a mainly carbonate bedrock, comparison between the two reference periods shows that Summer base-flow is much less affected by the effective precipitation decrease. Such base-flow is fed by the above mentioned important carbonate mountain aquifers and makes up the largest part of groundwater discharge from the Tab. 2 -Confronto tra il deflusso medio annuo storico (SIMN) e le stime di deflusso superficiale del periodo 1980-2010, calcolato da metodica Turc/CIP, da simulazione con metodo CN e da misure dirette (*: da portata media 2007-2010); il deflusso calcolato viene incrementato con il deflusso di base, stimato da misure sperimentali recenti (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 2 0 0 8 2 0 1 0 2 0 1 2 anni 
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Catria-Nerone carbonatic range through the so-called linear springs (Boni et al. 1986, Farina and Gerboni, 1994) . The Effective Infiltration (EI) estimates of the single aquifers are summarized in Tab. 3. In Alluvial aquifers direct Effective Infiltration was estimated with P.I.Cs, while in the hills' and mountain aquifers a comparison between EI derived from groundwater discharge measures and Infiltration derived from P.I.Cs is possible.
Fig. 6 -Hydrologic simulation on upper Metauro watershed with Curve Number method implemented on a yearly basis and 30 years simulation interval. Data expressed in meters (y axis)
. Fig. 7 -Runoff variation in Candigliano river at Acqualagna: comparison between historical (1924 -1964 monthly averages and short-term recent averages (2007) (2008) (2009) (2010) , Farina (2013) . 
Tab. 3 -Values of Effective Precipitation and estimates Effective Infiltration of the aquifers, (Fig. 1) and P.I.C factors applied to the main lithological units.
Tab. 3 -Valori della Precipitazione efficace (ETR calcolata con Turc) e stime della Infiltrazione efficace degli acquiferi (cfr. Fig. 1 
) e Coefficienti di Infiltrazione
Potenziale attribuiti alle principali unità litologiche. (Gazzolo and Bassi 1961, CESI 2001, modified) .
Tab. 5 -Parametric and experimental estimates of suspended and bed-load sediments transport in the Metauro and Foglia basins
Tab. 4 -Volumi originari e residuali negli invasi del Metauro/Candigliano (in verde) e del Foglia (in giallo). I dati del Metauro, forniti da AATO1, sono misurati da ISMES.
Tab. 5 -Stime parametriche e dati sperimentali del trasporto torbido e di fondo nei bacini del Metauro e del Foglia.
The silting process of the existing reservoirs: a preliminary analysis The preliminary analysis of erodibility was performed in watersheds' sectors upgradient the main reservoirs: S. Lazzaro and Tavernelle km 2 /y). 
Discussion
The decrease of average surface runoff is quite clear, although not precisely determined, most likely for inhomogeneity of direct and indirect estimates on a temporal and spatial base. In the Candigliano basin 2007-2010 precipitation averages are slightly lower (-1%) than the long term 1980-2010 data, so the available runoff data, although very limited in time, are still quite significant and indicative of a runoff decrease, compared to the old SIMN averages. On the other hand it should be noticed that the indirect Turc/CIP method, which estimates surface runoff, cannot take into account the groundwater seepage flowing back to rivers, which makes up a significant part of total runoff in permeable and semipermeable basin (Boni et al. 1995) , as suggested by a preliminary application of the Curve Number method in a simulated mountain basin. A gross estimate of -35% decrease of average runoff is deemed probable for most basins, and it is clearly related to the total and net precipitation reduction over the Province of Pesaro-Special Issue AQUA2015 -DOI: 10.7343/as-2016 Urbino during the post-war period. Nevertheless a significant influence of land-use variation, especially in the more rainy mountain areas is deemed probable: runoff decrease not only depends on the climate change but also on the expansion of forest land observed during the past decades in the mountain areas, both affecting the Runoff Coefficient. Woodland has a great influence on the formation of runoff, regarding soilwater consumption during the vegetative season, rainfall interception, water and topsoil retention (Scarascia Mugnozza et al. 1988) . That is particularly evident in strongly sloping, less permeable catchments, particularly subject to runoff and erosion. In carbonate watersheds Summer base-flow remains quite steady through the decades; that is clearly related to a significant groundwater discharge from the major carbonate complex of the Appennines range (Calcare Massiccio and Maiolica aquifers), expecially within the Bosso and Burano creeks (Candigliano sub-basin), where the largest outcrops of such complex are (Farina and Gerboni 1994, Caprari and Nanni 1999) . The Effective Infiltration of the Scaglia Rossa e Bianca aquifer in the same area is less than expected, compared to regional estimates carried out in southern Marche and Umbria (Boni et al. 1986 ), in agreement with Mastrorillo and Petitta (2010) . Carbonate aquifers represents the main resource of groundwater for future generations and its use is regulated/ restricted by Marche Region Water Protection Plan or PTA (Marche Region 2007 -2008 . The Minimum Flow set by PTA seems not to match the actual runoff conditions, being based on historical climatic and hydrometric data that have changed over time. Minimum flow thus calculated is in many cases higher than the natural flow actually measured in the same gauging station. Therefore, to set up-to-date minimum river flows a modification of the hydrological part of the PTA's parametric formula may be suggested: a preliminary value of Specific Runoff, of 1.0 L/s/km 2 (from which Minimum Flow is derived), is proposed for most rivers of the Province, except for the Bosso-Burano sub-catchments, where the present regulated value of 1.6 L/s/km 2 seems suitable.
As for rivers' sediments bed-load and reservoirs' volume reduction the preliminary analysis evidences substantial differences between Candigliano (in a mainly mountain and carbonate watershed) and Foglia rivers, the latter draining a mainly hilly and impermeable territory: the first is characterized by lower overall erodibility, together with a higher sediment transport potential, while in the Foglia basin an opposite tendency is shown. Metauro river, downvalley the Candigliano confluence, has an intermediate behaviour, reflecting the geological and morphological differences of its two sub-basins (Tabs. 4-5).
Conclusions
The study showed a significant reduction of yearly average stream flow in the Province of Pesaro-Urbino, due both to climate change and land-use variations in the past decades. The availability of surface water, on which the local watersupply system is mostly based, is a critical issue in Summer periods, when different water uses and environmental constraints come to conflict, as verified in particularly dry years (2003, 2007, 2011) , when drink water supplies came at risk. The analysis carried out shows the high potential of carbonate Maiolica and Calcare Massiccio aquifers, whose large saturated volume tends to mitigate the precipitations' changes. As the climate change increases vulnerability of water-supply systems, an adaptative process is needed, urging to achieve a new equilibrium between surface and groundwater. For drink-water purposes, the role of carbonate aquifers, so far basically underexploited, must be reconsidered: in the mid term, the latter may be allocated to feed the aqueducts system in summer periods, while referring to the existing surface water supplies during the water-surplus period. In any case a gradual reduction of surface water supplies should be considered, replaced by a monitored exploitation of good quality groundwater through deep wells, particularly in the summer season. Volume recovery works in the existing reservoirs by sediments excavation does not seem to be a long-term solution: due to the present still high erodibility of impermeable watersheds, such works may have benefits limited in time, should be regarded as maintenance works and, if maintenance is absent or limited, may be considered as short-term or emergency solutions. Larger projects evidence critical economical and environmental aspects and should be evaluated together with other feasible alternatives. Significant long-term efforts in achieving land-use changes should be considered first, especially in the Foglia watershed; that implies political strategy and communication, the involvement of stakeholders and the capability of implementing effective planning and management actions.
